Background: This study investigates the validity of the psychometric properties of the Brief Pain Inventory (BPI) in patients with bone metastases and determines if patients with lower body pain exhibit higher levels of activity interference than those with upper body pain.
Introduction
Approximately 50 -75% of patients with advanced cancer will develop bone metastases and the pain that results is often the first sign of disseminated disease [1] . Common cancers that spread to the bone include that of the breast, prostate and lung [2] . Although numerous skeletal related events such as hypercalcemia, pathological fractures and spinal cord compression [3] can occur as a result of bone metastases, pain is the most prevalent symptom which reduces quality of life and increases analgesic use.
Treatment for bone metastases includes orthopedic interventions (such as minimally invasive procedures and surgery), radionuclides, systemic therapies, conventional radiotherapy [4] , stereotactic body radiotherapy [5] , and analgesic therapy [6] . Conventional radiotherapy is the most common therapeutic modality to palliate pain associated with bone metastases. In the past, studies investigating conventional radiotherapy have generally used pain and analgesic consumption as the main endpoint [4, [6] [7] [8] [9] and rarely examined functional interference. Physical and emotional functional outcomes have been recognized as important endpoints to be considered in the evaluation of a therapeutic modality and were highlighted by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) recommendations [10] . Previous literature has also failed to determine if location of the site of bone metastases could impact both pain and functional interference. Recent research suggests that patients with lower body painful metastatic disease exhibit higher levels of functional interference [11] and this observation requires confirmation.
The purpose of this study is to validate the psychometric properties of the Brief Pain Inventory (BPI) for patients with bone metastases and determine if patients with lower skeletal pain exhibit higher levels of functional interference than those with upper skeletal pain.
Materials

Demographics
The Rapid Response Radiotherapy Program (RRRP) at the Odette Cancer Center, Sunnybrook Health Sciences Center, Toronto, Ontario, Canada is a dedicated palliative radiotherapy clinic designed to provide quick access to palliative radiotherapy. Patients seen at the RRRP between May 2003 and June 2007 were screened for eligibility into a prospective research ethics board-approved study designed to evaluate both pain and functional interference in patients with painful bone metastases treated with conventional palliative radiotherapy using the BPI assessment tool.
BPI
The BPI is a multidimensional self-assessment tool commonly used to evaluate cancer pain [12, 13] . It has been validated internationally [14] [15] [16] [17] [18] and, in previous analyses, has demonstrated construct validity in two IMMPACT recommendations: pain interference and pain intensity. Although it has often been used to screen symptoms in cancer patients, the psychometric validity of the tool has not been confirmed in patients with bone metastases until recently [11] . The BPI lists three questions regarding pain intensity and seven regarding pain interference, anchored between a scale of zero (no pain/interference) to ten (maximum pain/interference). Functional interference scales assess how pain has affected general activity, mood, walking ability, normal work, relations with others, sleep, and enjoyment of life.
Statistical analysis
Demographic results were expressed as mean, standard deviation (SD), median and inter-quartiles for continuous variables, and proportion for categorical variables. Ideally, BPI assessments would be completed for all patients; however, there were some patients with missing values in one or more interference items. Patient characteristics between those who completed the BPI instrument in its entirety (study patients) versus those with one or more missing items (excluded patients) were compared using Wilcoxon rank-sum test (for continuous variables) or Fisher exact test (for categorical variables).
Item analysis and internal consistency
The three pain items (worst pain, average pain and current pain) and seven BPI functional interference items were categorized as pain and interference respectively (two factor analysis). Interference was further separated into subscales of activity and affect (three factor analysis). The activity subscale includes the BPI items regarding interference with general activity, walking ability, work and sleep, while the affect subscale includes interference with mood, enjoyment of life and relations with others. Within each subscale, item-item correlations were examined to identify redundant questions. Internal consistency was examined in two (pain and interference) and three subscales (pain, activity, and affect). Standardized Cronbach's alpha was applied to estimate internal consistency within each subscale [19] . The standardized alpha coefficient provides information about how each BPI item reflects the reliability of the subscale with standardized items. Further changes in Cronbach's alpha were determined within each subscale after removing individual items. If the standardized alpha decreases after removing a BPI item from the construct, then this item is strongly correlated with other items in the subscale. On the other hand, if the standardized alpha increases after removing a BPI item from the construct, then removing this item from the subscale makes the construct more reliable.
Confirmatory factor analysis (CFA)
Confirmatory factor analysis was used to examine the scale structure of the BPI as a single construct (one factor), twofactor and three-factor models [20] . One-factor model is the null model of a 10-item single factor model, the two-factor model includes pain and interference subscales and the threefactor model includes the pain, activity and affect subscales. Covariance terms for the two-factor and three-factor modeling were included using the following steps: 1) with a default structure; 2) with covariance of error terms between average pain and current pain, between mood and relations, between mood and enjoyment of life, and between relations and enjoyment of life; 3) using the previous covariance error term structure with removal of the sleep item [11] . Models were compared using various model fit statistics [21] including: 1) adjusted goodness of fit index, which examines the ability of the model to explain the variance in the sample covariance matrix (perfect fit = 1), analogous to corrected R-square; 2) Chi-square statistic (i.e., likelihood ratio Chi-square), which represents the value of the statistical criterion minimized in maximum likelihood estimation (smaller value = better fit); 3) root mean square error of approximation (RMSEA) with 90% upper level of confidence intervals -RMSEA measures the lack of fit of the model to the population covariance matrix (RMSEA ≥ 0.10 suggests poor fit); 4) Bentler's comparative fit index (CFI) and non-normed fit index (NNFI), which measure the improvement in the overall fit and model complexity (above 0.9 suggest acceptable model fit).
Standardized factor loadings, associated statistics (i.e., R-Squared and t-statistic), and composite reliability were provided for the best two-factor and three-factor models. Composite reliability is a measure of the overall reliability of a collection of heterogeneous but similar items. sum of standardized factor loading and sum(B) indicates sum of measurement error (i.e., 1 -factor loading). The minimum acceptance level of composite reliability is 0.70, and the minimum critical t value is 3.29 for P = 0.001. Discriminant validity tests (Chi-square difference test, confidence interval test and variance extracted test) were carried out to further evaluate highly correlated factors within the three-factor model. The confidence interval, including the value of 1.0, indicates significance. The variance extracted estimates the amount of variance that is explained by an underlying factor in relation to the amount of variance due to measurement error. Fornell and Larcker suggested that constructs should exhibit estimates of 0.50 or larger [22] . It should be noted that Hatcher [20] cautions that the variance extracted estimate test is conservative; reliabilities can be acceptable even if variances extracted estimates are less than 0.50.
Analysis of upper and lower skeletal pain
Patients who received radiotherapy to the lumbar spine, sacrum, or any of pelvic girdle (iliac wing, acetabulum, pubic bone, and ischial tuberosity), femur (head, neck, or shaft), and tibia were defined as having "lower skeletal pain". Patients who were irradiated to the cervical or thoracic spine, shoulder girdle/upper extremity, ribs, and skull were grouped as those having "upper skeletal" bone pain. Those receiving radiotherapy to the thoracolumbar spine were excluded from this analysis as a potential confounder given that disease involving both thoracic and lumbar vertebrae may not be reliably categorized as upper vs. lower pain. One-way analysis of variance (ANOVA) was used to compare mean scores of BPI subscales (pain, activity, and affect) in patients with upper vs. lower bone metastases. Pain subgroups were further stratified according to the following severity index: mild (≤ 4), moderate (5 -6), and severe (≥ 7). Test of heterogeneity of effect on mean activity scores between pain subgroups and upper/lower skeletal groups (interaction term) were conducted by general linear model.
All analyses were performed using Statistical Analysis System (SAS version 9.2 for Windows) software. Confirmatory factor modeling was carried out using SAS covariance analysis of linear structural equations (PROC CALIS) procedure. A two-sided P-value of less than 0.05 was considered 
Results
Patient characteristics
A total of 386 patients had some form of baseline and demographic information in our database and 336 (87.3%) had complete information. The most commonly missed item on the BPI was normal work (29 patients) and least commonly missed was worst pain (1 patient). Only one patient was excluded for reporting all pain scores as zero. A comparison between study and excluded patient characteristics is shown in Table 1 . Older patients (P = 0.013), those with lower KPS (P < 0.0001), and males (P = 0.03) were more likely to have missing responses. Pain scores, morphine equivalence, primary cancer and pain sites were not determinants for patient exclusion in the study. The median age of the 336 study patients was 67 years (range 30 -91) and most prevalent primary cancers were breast (27%), prostate (24%) and lung (25%) ( Table 1 ). The median worst pain was 8.0 (range 2 -10), average pain was 5.0 (range 0 -10) and patients were receiving a median of 20 mg/day of oral morphine equivalency.
Item analysis and internal consistency of subscales
Among 336 study patients, worst, average and current pain had median values of 8.0, 5.0 and 3.0, respectively. With respect to interference, pain interfered most with general activity (median 7.0; range 0 -10), walking ability (median 7.0; range 0 -10), normal work (median 8.0; range 0 -10) and enjoyment of life (median 7.0; range 0 -10).
The internal consistency of both two and three subscales was high ( Table 2 ). The standardized Cronbach's alpha was close to 1.0 for two subscales (pain and interference): 0.76 for pain subscale and 0.87 for interference subscale. In the three subscales (pain, activity, and affect), alpha was 0.76 for pain, 0.81 for activity, and 0.77 for affect. When sleep was removed from the activity and interference subscales, Cronbach's alpha increased further to 0.83 and 0.87, respectively. The fact that sleep demonstrated low correlation with other BPI items indicates that the removal of sleep could make both models more reliable.
Confirmatory factor analysis
Both the null, 10-item single factor and the established twofactor default model demonstrated poor fit, the latter being slightly better than the first. By removing the sleep item and allowing specific error terms to co-vary from the analysis, the two-factor and three-factor models were markedly improved (Table 3) . Adjusted goodness of fit index was 0.98 (near to perfect fit of 1), RMSEA was 0.04 (< 0.10), CFI was 0.99 (> 0.90), and NNFI was 0.99 (> 0.90) for both two-factor and three-factor models. Chi-square analysis using the twofactor model prior to sleep removal was 46.1. This value improved to 29.7 when the item was removed. Similarly, in the three-factor analysis, Chi-square improved from 46.0 to 28.2 after the sleep item was removed. When considering factor loadings and associated statistics for the best two-factor and three-factor models with sleep removed, all factor loadings were highly significant with t-value between 9.6 and 25.9 (minimum critical t value of 3.29 for P = 0.001) ( Table 4) . Indicator reliability of individual items (R-squared) ranged from 0.22 (relations) to 0.78 (general activity). There was high internal consistency with regards to composite reliability of the factors in both models, ranging from 0.70 to 0.83 (minimum acceptable level = 0.70). The correlation between pain and interference subscale in the two-factor model was 0.77. In the three-factor model, the correlation between pain and activity was 0.75; between pain and affect was 0.76; and between activity and affect was 0.92. The higher correlation between activity and affect possibly demonstrates the same latent variable.
Discriminant validity was used to analyze activity and affect and overall showed varying results. Chi-square difference test revealed a value of 18.5 (df = 1, P < 0.001), indicative of significance between mixed and separated support. The confidence intervals demonstrated significance (correlation 0.92, 95% confidence interval 0.86 -0.97). The square of the correlation between activity and affect was 0.88, which was greater than both variance extracted estimates for affect (0.54) and activity (0.78). If the variance extracted estimates were higher than the square of the correlation, it would have shown successful discriminant validity. However, the variance extracted test failed to confirm the validity. Ultimately, the combination of different validity analyses confirmed the validity of the construct.
From above results and the reasonably high levels of internal consistency, composite reliability and discriminant validity can be demonstrated in both two-factor and threefactor models. Overall, the three-factor model with removal of sleeping item was preferred because of fewer covariance terms for fitting the model, and its clinical importance in differentiating patients with different sources of pain.
Pattern of pain, activity, and affect interference in lower vs. upper skeletal pain
Among the 336 patients with completed data, 199 had lower body and 130 had upper body skeletal metastases treated with palliative radiotherapy; seven patients were excluded as their radiation field covered the thoracolumbar spine. Mean pain scores were not significantly different between both patient groups ( Table 5) etal metastases were more likely to exhibit activity interference (mean of 6.9 vs. 5.7, P = 0.0005). With respect to affect, there was no significant difference between these two groups (P = 0.817). When analyzing mean activity scores in upper and lower skeletal patient groups stratified by pain severity index groups (mild, moderate and severe), there was a significantly higher mean activity interference among patients in the lower skeletal group with moderate or severe pain, but not among patients with mild pain (Table 6 ). Patients in the upper skeletal group showed no significant correlation between activity scores and pain severity. Radiotherapy dosage had no correlation with pain relief as those receiving a single fraction of 8 Gy exhibited the same outcomes as those who received multiple fractions (predominantly 20 Gy in 5 fractions).
Discussion
Research regarding functional interference resulting from pain in advanced cancer patients is lacking. The BPI is a common tool used to assess functional interference; however, the psychometric properties have not been validated in patients with bone metastases until recently. Wu et al. conducted an analysis of 258 patients receiving radiotherapy for painful bone metastases and suggested that the three-factor analysis of the BPI with the sleep item removed is preferred and patients with lower body pain will experience higher levels of functional interference than those with upper body pain [11] . In this analysis, we confirm: a) the psychometric validity of the BPI in patients with bone metastases, b) that sleep does not correlate well with the other items and c) that patients with lower body pain exhibit higher levels of functional interference than those with upper body pain. Our analysis of the psychometric properties of the BPI is compared to that by Wu et al. in Table 7 , and confirms their findings. In both studies, greater consistency was demonstrated in the BPI when the sleep item was removed. Furthermore, in both analyses of model fit, the three-factor model was superior over the null and two-factor model with removal of the sleep item. In both studies, correlation between activity and affect was very high, possibly representative of the same latent variables (Table 7) . Overall, three-factor analysis contains fewer covariance terms and satisfies an additional IMMPACT recommendation and therefore should be the preferred form of analysis in this group of patients.
The improvement in the model with removal of the sleep item makes sense as the relationship between sleep and pain is very complex in nature. Literature has identified predisposing and perpetuating factors that may lead to insomnia [23] , and emotional, socio-cultural, environmental, and religious factors all may influence sleep quality [24] . The fact In our analysis of upper versus lower skeletal pain, the latter group suffered more from activity interference, however, only when their pain was categorized as being moderate or severe. In the analysis by Wu et al., only those with mild and moderate pain had significant differences in interference. This discrepancy requires more investigation but suggests that clinicians need to be more aware of the functional impact of symptomatic bone metastases located in the lower skeleton.
A further point of research would be to test correlation with other musculoskeletal functional scales, such as the Western Ontario and McMaster University Osteoarthritis Index (WOMAC) [26] and the Musculoskeletal Function Assessment (MFA) [27] questionnaire. One particular limitation in the present study exists with regards to the patient population. The most commonly missed item on the BPI was normal work where 29 patients recorded no score. As shown in Table 1 , elderly male patients with decreased performance status were more likely to skip this item. These patients may view themselves as no longer being capable of doing normal work and, therefore, feel they are not required to answer this question. As a result, elderly male patients with decreased performance statuses may not have been represented sufficiently in our population.
In summary, we have obtained similar results to Wu et al. and agree with their findings. The BPI is a valid measurement tool for patients with bone metastases and should be analyzed using three factors as it satisfies three of four IMMPACT recommendations. Sleep interference does not correlate well with activity or affect subgroups and its removal from analysis improves correlation between other BPI items. The sleep item should be further investigated to examine its relationship to bone metastases specific pain. Patients with moderate to severe lower skeletal pain exhibit higher levels of activity interference than those with upper body skeletal pain and therefore should be given prompt treatment and additional assistance due to their increased functional impairment. Although single dosage radiotherapy being as effective as multi-fraction treatment is not new, it is a point currently being emphasized by the American Society for Therapeutic Radiology and Oncology (ASTRO).
